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Key Energy Technology Challenges

DOE NREL, April, 2009

-- Energy storage has an enabling role in all sectors --

Presentation Focus



Renewable Energy:
Still a Small Fraction of Total US Production  
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State RPS Incentives Provides Strong Impetus for Growth
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Forecasted Growth in U. S. PV Demand
Source: GTM Research



6

Presentation Agenda 
1. Overview of energy storage applications

2. Renewable energy integration challenges

3. Energy storage industry status and implementation 

challenges

4. Summary and Conclusions



Bonneville Power: Harbinger of the Future?
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Renewable Energy Integration Impacts

• Regulation services – resulting from the need for short-term 
ramping (seconds to minutes) 

• Load following – resulting from the need for hourly ramping

• Resource uncertainty – resulting from having a suboptimal mix of 
units online because of errors in forecasting.  Referred to as “unit 
commitment” or “scheduling cost”; involves costs associated with 
committing (turning on) too few or too many slow-starting, but 
lower operational-cost units.

Confidential
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Example - PV Intermittency
4.6 MW System

Confidential

Carnegie Melon, CEIC, 08-04



10

Impact of Increasing Renewable Generation
Confidential

Dispatch with low VG 
penetration (wind providing 
8.5% of load) 

Dispatch with higher VG 
penetration (wind providing 
16% of load) 

DOE NREL, January, 2010
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Cost of Renewable Energy Integration
Confidential

DOE NREL, January, 2010



12

Many Energy Storage Applications …
Many Renewables Integration Options

Confidential

Succar, NRDC, March, 2011
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Relative Costs of RE Integration Strategies

Confidential

DOE NREL, January, 2010
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Multiple Benefits of Energy Storage
for Integrating Renewables

• Provides regulation services – precisely match generation to load 
(sec-by-sec)

• Provides load following – adjusts to shifts in wind and solar over 
mins to hrs

• Provides ramping – adjusts to shifts in wind and solar over multiple 
hours

_____________________________________________________________________________________

• Provides operating reserves, without adding energy to the grid 
(and emissions), reducing the need for partially loaded thermal 
generators

• Zero emissions at point of operation

• Uses no water

• Quiet operation

Confidential
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Installed Energy Storage Capacity – Dominated by Pumped Hydro



EPRI, December, 2010

Growing List of Non-Hydro Demonstrations

(AARA Funded Utility-Scale Projects)



What Impedes Large Scale Energy Storage?

• Massive capital requirements to scale

• Unproven business models
– Benefits often accrue to parties other than those making the 

investments
– Highly fragmented, regional markets

• Incumbents not incentivized to invest (without significant 
federal support)

• Under-investment in federal R & D

• Regulatory uncertainty
18



Significant Regulatory Uncertainty / Issues

• Generation, transmission, distribution or end- user asset?
– Who owns, operates, maintains
– Who’s taking the risk…Who’s reaping the benefits?
– Cost recovery

• Who has Jurisdiction of storage system installation and operation? 
(e.g. State vs. Federal)

– Approval
– Operation
– Rate case, Tariffs

• Bi-directional flow does not fit into conventional regulatory model



Source: Strategen

Regulatory Enablers – California Leads the Way
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Summary
1. The renewable energy industry will continue to experience 

rapid growth to meet state policy (RPS) goals

• Limiting factor is operational impact on the electric grid 
(integration issues)

2. Energy storage is viewed by many as a “must-have” to solve 
renewable integration challenges

3. Given many solutions to mitigate renewable integration 
issues, bulk electricity storage faces strong competition over 
the foreseeable future – costs must continue to decrease

4. Growth in storage market will largely depend upon the pace 
of required regulatory changes to monetize benefits among 
disparate stakeholders



NIREC Business Focus

We mentor clean 
energy companies 

nationwide

We enable RE 
project development 
in the western U.S.

NIREC is a non-profit corporation whose mission is to accelerate clean energy 
innovations from the laboratory to the market

We support clean 
energy cluster-

building in Nevada
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NIREC - Regional and National Partnerships



Thank You.
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